
Assessing the Adoption of 
Environmentally Sound Technology 



Copyrighted Material 

Copyright Q 2007. by United Nations Industrial Development Organization 
(UNIDO). 
All rights reserved. No part of this publication may be reproduced. stored in a 
retrieval system or transmitted in any form or by uny means, electronic. 
mechanical or photocopying. recording. or otherwise without the prior 
permission of the publisher. 

rttblished by 
Edward Elgar Publishing Limited 
Glensanda House 
Montpcllier Parade 
Cheltenham 
Glos GL50 I VA 
UK 

Edward Elgar Publishing. Inc. 
William Pratt House 
9 Dewey Court 
Northampton 
Massachusetts 01060 
USA 

A catalogue record for this book 
is available from the British Library 

Library of Congress Cataloguing in Publication Data 
Luken. Ralph Andrew. 

Environment and industry in developing countries : assessing the 
adoption of environmentally sound technology I by Ralph A. Luken. 
Prank Van Rompaey. 

p. cm. 
Includes bibiographical references and index. 
I . Industrial management Environmental aspects Developing 
countries. 2. Technology- Environmental aspects- Developing 
countries.. 3. environmental management- Developing countries. I. Van 
Rompaey. Frank. 1964- 11. TiUe. 

HD30.255.L85 2007 
338.9'2709 I 724-dc22 

ISBN 978 I 84542 183 0 

2006034042 

Printed and bound in Great Britain by MPG Books Ltd. Bodmio. Cornwall 



COJlYfighted Material 

Contents 

Lisr of abbreviat101u vi 
Foreword by Mr Kandeh K. Yumkella, Oi rector-Genenil, UNlOO x 
Preface xi 

I Introduction 
2 Decoupling of environmental pressure from industrial growth, 

1990-2002 7 
3 Heuristic model of EST adoption 28 
4 Bra~l 52 
5 China 81 
6 India 113 
7 Kenya 143 
8 Thailand 172 
9 Tunisia 203 

10 Viet am 231 
11 Zimbabwe 261 
12 Eighc-councry assessment of factors influencing EST adoption 288 
13 Findings, policy implications and programme proposals 318 

Index 333 

I' 

COJlYfighted Material 



Copyrighted Material 

Abbreviations 

GENERAL 

BAT 
BOD 
CETP 
CIP 
COD 
CP 
CPI 
CPT 
CT 
CTs 
EG 
EIA 
EMS 
EOP 
EST 
ETP 
EU 
EUI 
FAQ 
FDf 
FfZ 
GDP 
GNT 
GNP 
lEA 
IMF 
ISIC 
ISO 
MF 
MVA 
NGOs 
ODA 
PA Ts 

best available technology 
biochemical oxygen demand 
common eflluent tre<ltment plant 
competitive industrial pe1fonnance 
chemical oxygen demand 
cleaner production 
consumer price index 
cleaner production technology 
cleaner technology 
clean te.chniqucs and technologies 
environmemal governance 
environmental impact assessmem 
environmental management system 
end of pipe 
environmemally sound technology 
effluent treatment plant 
European Union 
energy-use intensity 
Food and Agriculture Organization 
foreign direct investment 
fre.e trade zone 
gross domestic product 
gross national income 
gross national product 
International Energy Agency 
lotemational Monetary Fund 
international standard industrial classification 
International Organization for Standardization 
most favoured nation 
manufacturing value added 
non-governmental organizations 
overseas development assistance 
poUutam abatement technologies 

vi 

Copyrighted Material 



PPP 
R&D 
S&T 
SMEs 
SOE 
TC 
TI 
TM-P 
TOE 
TR I 
UND P 
U !EP 
UNIDO 
\iVfO 

SPECIFIC 

Brazil 

BRACELPA 
CNTL 
CO AMA 
IBA MA 
MMA 

China 

CNCPC 
EPB 
SEPA 
TVE 

lodfa 

CPCB 
CTS 
MOEF 
rcpc 

SPCB 
SSI 

Copyrighted Material 

Ahbrevlar/011s 

purchasing power parity 
research and development 
science and technology 
small and medium enterprises 
state owned enterprises 
technological capabilities 
technology import 
tariff on manufactured products 
tons of oil equivalent 
trade restrictiveness index 
United Nations Development Programme 
United Nations Environment Programme 
United Nations Industrial Development Organization 
\Vorld Trade Organization 

Brazilian Association of Pulp and Paper Manufacturers 
Centro acional de Tecnologias Limpas Brazil 

ational Council of the Environment 
The Brazilian Environmental Institute 
Ministry of Environment 

China National Cleaner Production Centre 
Environmental Protection Bureau 
Stace Environmental Protection Agency 
town and village enterprise 

Central Pollution Control Board 
Centre for Technology Studies 
Ministry of Environment and Forests 

ational Cleaner Production Centre 
State Pollution Control Board 
small scale industry 

Copyrighted Material 

vii 



viii 

Kenya 

EPC 
EPZ 
EPZA 
KES 
KIRDI 
KNCPC 
NEMA 

Thailand 

ASEA 
DA CED 
Dl W 
JEAT 
MOI 
MO STE 
PCD 
TEI 
THTI 

Tunisia 

A n>E 
API 
CE TT EX 
CITET 
ETE 
MEAT 
ONAS 
PMN 
SON EDE 

Viet Nam 

ASEA 
MON RE 
VEPA 
V nCPC 
VND 

Copyrighted Material 

l;.,iviro111ne11t and industry in de~·eloplng co1mtries 

expon Promocion Council 
export processing zone 
Export Processing Zones Authority 
Kenyan shillings 
Kenya11 111dusll'ial Research and Development Institute 
Kenya National Cleaner Production Centre 
NationaJ Environment Management Authority 

Association of Soutlll East Asian ations 
Danish Cooperation for Environruem and Development 
Department of lndustrial 'Works 
Industrial Estate Authority of Thailand 
Ministry of Industry 
Ministry of Science, Technology and Environment 
Pollution Control Department 
Thailand Environmental Institute 
Thailand Textile lnstituce 

National Environmental Protection Agency 
Industry Promotion Agency 
Technical Centre for TextiJes 
Tunis International Centre for Environmental Technology 
Euro-Tunisie-Entrcprisc Programme 
Ministry of the Environment and Land Use Planning 
National Sewerage Company 
Industrial Upgrading Programme 
National Water Supply and Exploitation Society 

Association of South East Asian ations 
Ministry of Natural Resources and Environment 
Viet Nam Environment Protection Agency 
Viet Nam National Cleaner Production Centre 
Vietnamese Dong 

Copyrighted Material 



ESAP 
MET 
SIR OC 

ZNCPC 

COJlYfighted Material 

Abbrevlar/011s 

Economic Strucrural Adjustment Programme 
Mini try of Environment and Tourism 
Scientillc and lndu trial Research and Development 
Centre 
Zimbabwe Na1iooa1 Cleaner Production Centre 

COJlYfighted Material 

ix 



Copyrighted Material 

Foreword by the Director-General of 
UNI DO 

Technological change is key to achieving sustainable development. It is 
the essential basis for economic grov.tlh Lhe sine qua 11011 for poverty reduc­
tion and for the preservation of environmental quality. 

U '100 fully appreciates the importance of firm-level technological 
cha11ge for initiacing a path of sustainable development. It works actjvely 
with the relevant national and international stakeholders to foster produc­
tivity growth in developing countries and in economies in tmnsition. 
Growth in productivity results from producing goods more efficiently, pro­
ducing goods of better quality and producing new goods. All these involve 
innovation and technological change. 

ln broad terms, technological change can be defined as any change in the 
way in which inputs are transfom1ed illlo outputs. Undertaking such a 
change requires information, knowledge and kills on the part of the firm 
as well as a conducive business environment. Understanding this change 
process and its determinants is obviously crucial for stimulating the growch 
of higher-value production in developing countries. Moreover, an improved 
understanding of this process is instrumental in defining how public policy 
can shape technological change in more environmentally benign directions.. 
\Vhile recem studies of cecbnological change in developing coumries have 
great ly advanced our insight into this process, more theoretical and empiri­
cal work is still needed - particularly in terms of its environmental aspects. 

It is for this reason chat UNIDO has undertaken this research to deter­
mine the factors that govern, in various circumstances, the adoption of 
environmentally sound technology (EST), which includes a variety of 
cleaner technology measures and pollution control solutions. Trus research 
aims to comribute to the debate on Lhjs subject and to further the under­
standing of how environmentally sound technological change can best be 
encouraged in developing countries. It underscores once more U lOO's 
commicment to suscainable industrial developmem and builds upon che 
insights gained from i LS years of technical coopcraLion in technology trans· 
fer and the promotion of cleaner production. ll1e results of this research 
will feed into the Organjz.ation's policy advisory services and technjcaJ 
cooperation intervemions. 
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1. Introduction 

INDUSTRY AND THE ENVIRONME T 

Developing countries, in spite of common perceptions to the contrary, have 
achieved major improvements in the environmental performance of their 
industry since the Rio Conference of 1992. They have performed better 
than developed countries in reducing energy-use a11d water-poUutant imen­
sitics between 1990 and about 2002; tlhey cut the energy intensity of their 
production by 27 per cent, compared to only 8 per cent by developed coun­
cries, and the water-pollutant intensity by 49 per cent, compared to only 29 
per cent by developed countries (sec Chapter 2). These globally aggregated 
achievements are confirmed by developing-country case studies that show 
that numerous manufacturing plants in many developing countries, such as 
Bangladesh, China. Indonesia and Mexico, are in compliance with envi­
ronmental norms (\>/orld Bank, 2000). 

The improved environmental performance is not surprising for several 
reasons. First, environmentally sound technology (EST), particularly poll­
utant abatement technologies (PATs), arc now readily available and well 
known, given their long development history 50 years for air pollution 
and 150 years for water poUution (Anderson, 200 I). Second, the costs of 
these technologies are low for many manufacturing sub-sectors compared 
lo overall production costs. The costs of Pollution control arc on average 
about 2 per cent of production costs and around I 5 per cent of one-time 
investment costs (OECD, 1993). Third, there is an increased understanding 
on the part of industry in developing countries of the importance of using 
cleaner technologies (Cfs) in combination v.rith PA Ts to achieve environ­
mental compliance. Environmentally, CTs do not lead to the transfer of 
pollutants from one environmental medium to another, whereas PATs often 
do, as in the case of water pollution where PATs create secondary air­
pollution and solid-\V-dste problems; economically, CTs are genernlly 
productivity-enhancing and cosc-loweiring cechnological options, whereas 
PATs arc only an added cost of production. 

But in spite of this remarkable progress, there is still a large g<1p between 
the current environmental performance of industry in developing and 
developed countries. The energy-use imensity of industry remains almost 
three times higher in developing than in developed countries, water-use 

I 

Copyrighted Material 



Copyrighted Material 

2 l;.,iviro111ne11t and industry in de~·e/oplng coimtries 

intensity more than I I times higher, water-pollutant intensity six times 
higher and carbon diox.ide intensity four times higher (see Chapter2). And 
with the accelerating industrialization of developing countries this gap 
could grow, if not necessarily in the intensity of energy use and pollutant 
release, certainly in the absolute amount of energy that will be used and 
the levels of pollution reached. The developing countries' share of global 
manufacturing value added (MVA) has already grown significantly, from 
16.9 per cent to 25.5 per cent between 1990 and 2005, while the developed 
countries' share decreased from 78.6 to 70.3 per cent during the same 
period (UNl DO, 2005). Clearly it is essential that developing counuies 
gain a betler understanding of the factors motivating improved industrial 
environmental behaviour and of what they can do to strengthen these 
factors. 

In light of the major environmental achievements that have been made 
in industry in developing countries and given, at the same time, tt,\e urgent 
need to take this further, it is surprising how little is actually knoCh about 
the factors that have motivated industry in developing countries to comply 
with environmental standards and, more particularly, to adopt EST. 
Admittedly some investigations have been undert<1kcn into these factors, 
most of them conducted directly by the World Bank or externally funded 
by the Bank. However, as seen in the literature review in Chapter 3, only a 
few studies have examined, directly or indirectly, the factors that have 
influenced plant-level decisions on the adoption of EST under the specific 
conditions faced in developing countries. Most of the recent studies on 
plant-level behaviour in developing countries have focused on factors deter­
mining environmental performance rather than technology choice because 
of the concern for reducing environmental pressure. Moreover these studies 
investigated only one or two countries, one or two sub-sectors and a 
limited set of factors affecting plant-level behaviour, making it difficult to 
generalize about what has accelerated the adoprion of EST in developing 
countries. 

The United Nations Industrial Development Organization (UNTDO), 
as the speciali7-ed United ations agency promoting industrial develop· 
ment in developing and transitional economics, is keenly aware of the 
need to enhance the capacity of developing-country institutions to 
assi t their industry in improving its environmental performance. 
UNI DO is actively supporting implementation of Agenda 2 1, approved 
by the United Nations Conference on Environment and Developmem 
(1992), and the Johannesburg Plan of Implementation, approved by the 
World Summit on Sustainable Development (2002). Both action plans 
implicitly recognize the need to close the gap in resource use and pollu­
tant intensities between developed and developing countries and call for 
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urgent action to be Laken to promote, facilitate and, as appropriate, 
finance the development, transfer aod diffusion of EST and the corre­
sponcling know-how to and among developing countries (United 

ations, 1992 and 2002). In supporting these two action plans. UNIDO 
recognized that successful technic.ctl assistance programmes to accelerate 
the adoption of EST in developing countries must be based on a sound 
empirical understancling of t11e mulltitude and relative importance of 
factors that inOuence EST adoption in these countries. To improve its 
understanding as well as that of the larger community of bilateral and 
multilateral organizations undertaking technical cooperation pro­
grammes in developing countries, UNIDO undertook a tudy in late 
2001 earl}' 2002 on the determinants of EST adoption by 98 plants in 
three manufacturing sub-sectors located in eight developing countries. 
The finclings of tllis study are reported in tllis book. 

This study ""as designed to identify the factors that determine the adop· 
tion of CTs as well as PATs.. The aim was to document and assess the rela­
tive importance of factors that were broadly classified as contextual, that 
is, part of the plant' external environment, and those classified as plant­
specific. Examples of contextual facto rs are buyer and environmental regu­
latory pressures: examples of plant-specific factors are environmental 
commitment and technological capabilities. 

DEFINITION OF ENVIRONMENTALLY SOUND 
TECHNOLOGY (EST) 

EST is often divided into two categories, abatement and prevention tech­
nologies. Abatement technologies, conventionally referred to as PATs, 
reduce the discharge of pollutants al the end of the production process. 
PATs collect pollutants, separating or neutr.1Hzjng them in various \.vays 
(usually with specially built treatmem installations). In contrast, preven­
tion technology, often referred to as CTs, minimizes the generation of pol­
lutants (and the utilization of some inputs such as water or fuel) 
throughout the production process. CTs are hence defined as manufac­
turing processes or product technologies that reduce both pollutant 
generation and the use of production inputs (raw materials, water and 
energy) in comparison to the technologjes they replace. Although reducing 
the need for more costly abatement technologies, they require 
modifications in production processes, sometime disrupting ongoing pro­
duction activities. 
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OVERVIEW OF CHAPTERS 2 TO 13 

Chapter 2 

The difference in trends in the decoupling of environmental pressure from 
ind us trial growth in developed and developing countries, which is the under­
lying reason for undertaking this study, are compared in this chapter. First, 
the Organization for Economic Cooperation and Development (OECD) 
approach to estimating decoupling of economic growth from environmen­
tal pressure is described. Then global trends in decoupling for energy us~ 
water use, organic matter effluent and carbon dioxide emission (CO~) are 
compared between 1990 and 2002. /\ brief description of the three factors 
that have influenced these trends - scale. sub-sectoral composition and tech­
nological configuration - concludes the chapter. 

In Appendix 2A in Chapter 2 selected evidence is provided on the poten­
tial of CTs to reduce industrial pollutants in the three sub-sectors covered 
in this study: textiles; pulp and paper; and leather processing. The annex 
consists of a generic description of CT options with exam pies of CT appli­
cations in country-specific situations. 

0 1apter 3 

The heuristic model that guided this investigation of factors determining 
the adoption of EST in developing countries is presented in this chapter. 
First, the literature on technology diffusion and technological capabilities 
is brieAy reviewed, followed by a more det;:1iled review of empirical studies 
of EST adoption in developing countries. The heuristic model, derived 
from this literature, is then described. Finally, the three modes of investi­
gation identified in the heuristic model and applied in the research arc 
introduced: assessment of policy effectiveness in the eight countries in this 
study; plant managers' and key informants' perceptions of factors that 
influenced EST adoption (perceived factor ); and a sLatisLicaJ analysis of 
underlying factors that the country survey teams observed as influencing 
EST adoption (observed factors). 

Chapters 4 to 11 

Chapters 4 to 12 present eight counll)' case studies that provide che 
background information needed for the three modes of investigation. In 
each country a local team canied out a survey of the factors influencing 
the adoption of EST in a particular sub-sector during the late l 990s/early 
2000s: pulp and paper in Brazil, China, India and Viet Nam; leather 
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processing in Kenya and Zimbabwe; and textiles in Thailand and Tunisia. 
Using semi-structured questionnaires provided by UN IDO, they inter­
viewed plane managers and key informams, che latter including employees 
of environmental regulatory agencies, technology centres, NG Os, business 
associations and chemical and equipment suppliers. Each team also pro­
vided background data on the country and on the selected sub-sector. 

Each chapter describes the national economic and environmental 
context in which plants made their EST adoption decisions; the country·s 
environmental, economic and technology policies; production in the 
selected sub-sector and characteristics of the plants investigaced; and key 
informants and international donors, all of whom influenced the adoption 
of EST. 

The environmental, economic and technology policies reviewed in each 
chapter are those most related to the adoption of EST: 

• The environmental policies reviewed are those aimed at reducing poll­
utant discharge from industry into the environment: industry-related 
environmental legislation, institutional arrangements and policy f'I 
instruments, basie<tlly, those measures concerned with industrial envi­
ronmental management. A global comparison is then presented of 
the effectiveness of each country'senvironmental management policy. 

• The economic policies reviewed, in addition to macroeconomic per­
formance, are those that most directly affect technological modern­
ization - industrial, trade and resource pricing policies - and the 
associated institutional arrangements, since more modem cechno­
logy is usually cleaner technology. A global comparison is given of 
the effectiveness of each set of policies. 

• The technology policies reviewed are those that have the potential to 
increase the adoption of EST, particularly CTs. by directing the tech­
nological infrastructure to support plant-level adoption of more 
productive technologies and to train workers to operate these tech­
nologies. This includes technology policies and programmes and 
associated institutional arrangements aimed at increasing producti­
vity in the manufacturing sector, with special reference to the sub­
sector investigated in each coumry. A global comparison is presented 
of the clTeetiveness of each country's technological capability. 

Cbapter 12 

The findings from the three different modes of investigation used to identify 
the factors that influenced EST adoption in the eight countries are presented 
in Chapter 12. The first mode of investigation examines the relationship 
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between the three policy regimes that created the incentive structure brought 
to bear on plant-level behaviour via government, markets and civil society 
and che actual levels of resource-use and pollutant intensities that might be 
attributed to these policies. The ccond describes the perceptions of98 plant 
managers and 91 key informants about the relative imporl<tnce of govern­
ment, markets and civiJ society as extemaJ drivers for EST adoption. The 
tJ1ird uses statistical techniques to analyse che factors observed by the survey 
teams as having influenced plant-level behaviour at Lhe 98 plants in the eight 
countries. 

Oiapter 13 

A summary of che findings in Chapters 2 to 12, policy implications derived 
from these findings, and proposals for government programmes that build 
on these implications arc presented in Chapter 13. These programme pro­
posals are examples of how governments can increase the ability of and 
incentives for the manufacturing sector to adopt EST, by using the poten­
tial for several policy regimes to influence plant managers' decisions. 
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